We report a new technique for realistic assessment of laboratory performance as measured by proficiency testing.
Interlaboratory performance comparison (including proficiency testing programs) is an important part of overall quality assurance in pH/blood-gas testing and serves as a basis for accuracy control, self-evaluation, and licensure/accreditation (1) (2) (3) (4) (5) . In most programs for proficiency testing, the criterion for "acceptable" results is derived from the interlaboratory standard deviation (SD) of the participants' data. This technique has limited relevance and doesnot help the laboratory assess its own performance in terms of(a) the state of the art, (b) the significance of any deviation from the mean value (because the group SD includes between-laboratory components of variance), or (c) strategic decisions as to where efforts for improvement should be placed. We propose an alternative statistical approach for evaluating interlaboratory performance that addresses these three deficiencies.
MaterIals and Methods

Wisconsin pH and Blood-Gas Survey
Since 1980 the Wisconsin pH and Blood Gas Survey (4) has provided a monthly interlaboratory comparison of data, enabling 129 laboratories to assess performance on a monthly and cumulative basis. Each month the reported data from two commercially prepared control products, mailed to the participants, are evaluated by grouping the results according to instrument manufacturer-Corning, Radiometer, and Instrumentation Laboratory. The basis of comparison is the "target" mean values for pH, pco2, and P02 determined for each instrument group by a variation of the technique recommended by Barnett (6) and implemented by Itano (2, 3 Regulatory criteria or other performance goals are easily incorporated into this system. For example, Barnett (7) has suggested, for Pco, specimens with a value of 6.7 kPa (50 mmHg) and above, a performance goal defined as an absolute error level of 0.8 kPa (6 mmHg), indicated by the vertical line. Results A and B readily meet Barnett's criterion; result C does not. Using the percentile curves (Figure 1) , we constructed computer tables to convert each actual error over the 18-month period to the corresponding percentile value. The percentiles and actual errors were aggregated for each laboratory by level and test,-i.e., normal pco2-and by test only-i.e., all Pco2data. To delineate a laboratory's cumulative performance with respect to its peers, median percentile values for individual laboratories were used. The distribution of median percentiles for the "test" data sets for the 129 laboratories is shown in Figure 3 . Median percentiles range from 19.5 to 91 forpco2, 23 to 83 for p02, and 19 to 94 for pH. The range of median percentile values does not extend from 0 to 100 because no one laboratory consistently achieves zero error (zero percentile) or exhibits the largest error over all 36 specimens.
Proposed Statistical Approach for the Evaluation of
Concurrent data analyses were performed on the actual errors. The absolute (signs disregarded) and algebraic (signs retained) mean errors for each laboratory during the 18 months were determined for each individual level and the three combined test sets. The absolute and algebraic mean errors help differentiate between random error and systematic bias to assist laboratories in discerning (and correcting) problems with precision and accuracy. The algebraic mean error value includes only systematic bias; the absolute mean error includes both random error and systematic bias. Percentile ranks compare performance on an interlaboratory basis, but actual mean errors (absolute and algebraic) assist in diagnosing intralaboratory problems by identifring the presence of random error or systematic bias. The mean algebraic error should ideally be zero (absence of systematic bias), because it is blind to the effects of random error. Laboratory l's algebraic mean error indicates essentially no bias for below-normal and normal pH but a positive bias for the specimens with above-normal pH. Laboratory 2 has large algebraic and absolute mean error values, which are nearly identical. This indicates a definite positive bias at all three levels and little random error.
50-
DiscussIon
Quantitative performance criteria can be incorporated into the evaluation system at this point. For example, Barnett's (7) medical usefulness criterion, 0.004 pH units, implies that Laboratory 1 should strive for a small improvement at normal and above-normal pH, as indicated by the absolute mean error values. Laboratory 2 definitely must focus on improving performance at all levels, because its variances exceed Barnett's criterion by six-to 16-fold.
For Pco2, Laboratory l's performance is better than all peer laboratories for above-normal specimens, but its efforts to improve may need to be focused on below-normal specimens. Laboratory 2 ranks indicate needed improvement at all three levels. Laboratory 1 exhibits slight positive bias as indicated by its algebraic mean error values. Laboratory 2, with nearly identical algebraic and absolute mean error values, has a negative bias at all levels. Although absolute error levels for Laboratory 2 are higher than those of Laboratory 1, both meet Barnett's (7) medical usefulness criterion of 0.8 kPa (6 mmHg) for Pco, levels of 4.7 kPa (35 mmHg) and 6.7 kPa (50 mmHg). The proposed evaluation system quickly communicates to Laboratory 2, near the bottom of its peer ranking, that it is performing adequately in terms of Barnett's medical usefulness criterion. By way of contrast, the current practice in other programs of using the SD of the peer group for interlaboratory evaluation purposes would lead to an erroneous conclusion of inadequate performance.
For p02, Laboratory l's combined percentile rank is 76. Its mean algebraic errors indicate little bias for normal samples and negative bias for above-normal samples. Using Ross's (10) medical usefulness criteria of 1.6 kPa (12 mmHg) forpo2 specimens at 8 kPa (60 mmHg) and 1.1 kPa (8 mmHg) at 10.7 kPa (80 mmHg), this laboratory is performing adequately on below-normal samples but not for normal ones. Laboratory 2, with a combined percentile rank of 28, meets both of these medical usefulness criteria. Obviously, regulatory criteria based on other medical usefulness concepts, or professional performance goals that take into consideration state-of-the-art capabilities, could be used to incorporate appropriate performance standards into the evaluation process at this point.
We believe the proposed system is useful for self-evaluation or interpretation of proficiency testing data by regulatory bodies. The applicability of this technique is not limited to blood-gas survey data.
